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1
SEMICONDUCTOR LOGIC CIRCUIT APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention >
The present invention relates to a semiconductor
~logic circuit apparatus, especially to a semiconductor
logic circuit apparatus which is capable of holding past
Input data and of changing the held data according to a
switching means.

2. Description of Related Art

FIG. 1 is a circuit diagram showing one construction
example of a conventional semiconductor logic circuit
apparatus (in the following, to be called a logic circuit
apparatus) which is capable of holding past input data
and of changing the held data according to a switching
means, especially an example in which, as shown, a ratio
latch circuit is constructed.

In FIG. 1, the logic circuit apparatus is provided with
inverter circuits 1a and 15, especially the inverter cir-
cutt 15 comprising a P-type field effect transistor (here-
inafter to be called FET) 1c and an N-type FET 14. The
input terminal of the inverter 1a and the output terminal
of the inverter 15 are connected to a node 24, and the
input terminal of the inverter 15 and the output terminal
of the inverter 1aq are connected to a node 2b. One end
of an N-type FET 3 is connected to the node 2z and the
other end thereof is connected to a data input terminal
S. A gate of the FET 3 receives control signal through
a control terminal 6. The node 25 is also connected to a 30
data output terminal 7.

Next, explanation will be given on the operation of
the conventional logic circuit apparatus shown in FIG.

1.

Referring to FIG. 1, explanation will be given, at 35
first, on the operation, for example, of the time when the
logic circuit apparatus changes its state from a “0” hold-

- Ing state to a “1” holding state. In this case, a control

signal “1” is applied to the gate of the FET 3, the FET

3 becomes conductive, so that the data input terminal 5 40
and node 24 are electrically connected. The signal at the

node 2¢ 1s initially “0”. The value of input data input

from the input terminal 5 is ““1”, the value at the node 25

is initially “1” and the FET 14 is on until the output of

the inverter 1a is changed. Therefore, corresponding to 45
ratio of the FET 3 and FET 14, the electric potential of
the node 2a rises. But, since the FET 3 is N-type and
FET 1d is on an electric potential is applied to the input
of inverter 1a that is lower that the source potential at
input terminal § by the threshold Vth of the FET 3.
When the electric potential at the node 2a rises until it
exceeds the logical threshold of the inverter 1a, the
output of the inverter 1a changes to “0’, the FET 1a is
turned off, and the FET 1c is turned on. As a result, the
electric potential of the node 2a rises until it reaches the
source potential. After that, when the control signal
changes from “1” to “0” and the FET 3 becomes non-
conductive, the nodes 2a and 2b hold respective values
in the state existing immediately before the change of
the control signal at the gate of the FET 3. The data 60
output terminal 7 continues to output the value of the
node 26 until the FET 3 is again made conductive.

Next, FIG. 2 is a circuit diagram showing another
example of the conventional logic circuit apparatus,
especially an example of a ratioless latch circuit.

As shown in FIG. 2, an input terminal of an inverter
1a, one end of an N-type FET 32 and one end of a
P-type FET 3b are connected to a node 2a. An input
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terminal of an inverter 15 and the output terminal of the
inverter 1la are connected to a node 2b. The other end of
the P-type FET 3b and the output terminal of the in-
verter 1 are connected to each other. The other end of
an N-type FET 3 is connected to a data input terminal
3. A control signal is applied to the gates of the FETs 34
and 3b through a control terminal 6. The node 2b is
connected to a data output terminal 7.

Referring to FIG. 2, explanation will be given of
operation, for example, at a time when the logic circuit
apparatus changes from a “0” holding state to a *“1”
holding state.

In this case, when control signal ““1” is applied to the
gates of FETSs 3a and 3b, the FET 3a becomes conduc-
tive and 3b becomes non-conductive. The data input
terminal § is electrically connected to the node 2a. The
node 24 is electrically disconnected from the output of
the inverter 1b. Initially the signal at the node 2z is “0”’.
The new signal of “1” is input to the node 2a from the
data input terminal §. The electric potential of the node
2a rises. Since the FET 3a is N-type, the electric poten-
tial at the node 2a only rises to a value lower than the
source potential by the threshold Vth of the FET 3a.
Even when the electric potential of the node 2a exceeds
the logical threshold of the inverter 1a, since the FET
3b is non-conductive as above mentioned, the electric
potential of the node 24 does not exceed the value
which 1s lower than the source potential by the thresh-
old Vth of the FET 3a. When control signal changes
from “1” to “0”, the FET 3a becomes non-conductive
and 36 conductive. The nodes 2¢ and 2b hold their
respective values in the state just before the change of
the control signal, and the data output terminal 7 contin-
ues to output the value of the node 2b until the FET 3
again becomes conductive.

Next, FIG. 3 is a circuit diagram showing another
example of a conventional logic circuit apparatus, espe-

cially an example of a ratio latch circuit.
The difference between the circuit shown in FIG. 3

from the one shown in FIG. 1 is that ends of an N-type
FET 3a are connected respectively with ends of a P-
type FET 3b. Complementary signals are connected to
the gates of FETs 3a and 35 from control terminals 6a
and 6) respectively.

Referring to FIG. 3, explanation will be given of
operation when the logic circuit apparatus changes its
state from, for example, a “0” holding state to a “1”
holding state.

When control signals “1” and *“0” are applied to con-
trol signal input terminals 62 and 6b respectively of
FET 3a and 3b, FETs 3a, 3b become conductive, and
the data input terminal 5 is electrically connected to the
node 24. This operation is the same as that of the logic
circuit apparatus shown in FIG. 1. Although the FET
1d 1s on until the output of the inverter 1a changes state,
the electric potential of the node 24 rises to a value little
lower than the source potential since the FET 3b is
P-type. When the electric potential of the node 2a ex-
ceeds the logical threshold of the inverter 1a, the output
of inverter 1a changes to “0”. The FET 14 is turned off
and the FET 1c is turned on. The resulting condition is
the same as the logic circuit apparatus in FIG. 1. That
i1s, the electric potential of the node 24 rises to the
source potential. Also operation when the control sig-
nal changes from *“1” to “0” is the same as the circuit
shown in FIG. 1.
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Next, FIG. 4 1s a circuit diagram showing a further
example of a conventional logic circuit apparatus, espe-
cially an example of a ratioless latch circuit.

The difference between the logic circuit apparatus
shown in FIG. 4 and the one shown in FIG. 2 is that

ends of an N-type FET 3a and ends of a P-type FET 3c
are connected respectively to each other. Also, ends of

a P-type FET 3b and an N-type FET 3d are connected
to each other. A control signal from the control termi-
nal 6a is connected in common to the gates of the FETs
3a and 3b. The control signal from the control terminal
6b is connected in common to the gates of the FETs 3¢
and 34. The signal from the control terminal 6a is com-
plimentary to that from 65.

Referring to FIG. 4, explanation will be given of the
operation at a time, for example, when the logic circuit
apparatus changes its state from a “0” holding state to a
“1” holding state.

When the control signal “1” is applied to the FETs 3a
and 35 from the control signal input terminal 62 and the
control signal *°0” is applied to the FETs 3¢ and 34 from
the control signal input terminal 65, the FETs 3g and 3¢
become conductive, and FETs 3b and 3d become non-
conductive. While the data input terminal 8 is electri-
cally connected to the node 24, the node 2a is discon-
nected from the output of the inverter 15. The operation
1s the same as that of the logic circuit apparatus shown
in FIG. 2. Since the FETs 3b and 34 are non-conductive
and the FET 35 is P-type, the electric potential of the
node 2a nises to the source potential. Also the operation
when the control signal is changed from “0” to “1” is
the same as that shown in FIG. 2.

Conventional semiconductor logic circuit apparatus
constructed as above have exhibited the following
problems.

~In the case of FIG. 1, a change of state from a “0”
holding state to a ““1” holding state cannot be carried
out normally when the source potential is low. That is
to say, when the FET 3 becomes conductive by receiv-
ing the contro! signal *“1”, the electric potential at the
node 2a rises according to the ratio of the FET 3 and
the FET 14 as above-mentioned. The FET 14 remains
on until the output inverter 1a changes from *“1” to “0”.
Here, the electric potential of the node 2a only rises to
a value which is lower than the source potential by the
threshold voltage Vth because the FET 3 is N-type and
the FET 1d is on. Since the source potential depen-
dency of the electric potential of the node 24 is larger
than that of logical threshold of the inverter 1a, the
electric potential at the node 2a cannot exceed the logi-
cal threshold of the inverter 1a when the source poten-
tial is low, thereby the inverter 1a cannot operate to
produce a “0” output.

In the case of the embodiment of FIG. 2, when the
logic circuit apparatus changes its state from “0” hold-
ing state to *1” holding state, or when the “0” holding
state is prolonged, a feed-through current passes
through the inverter 1a. That is to say, when a “1”
control signal 1s applied to the FETs 3a and 35, the FET
3a becomes conductive and the FET 3b becomes non-
conductive. The clectric potential of the node 2a rises.
Since the FET 3a is N-type and the FET 34 is off, the

electric potential at the node 2a only rises to a value

which 1s lower than the source potential by the thresh-
old voltage Vth of the FET 3a. Accordingly, while the
node 2a changes its value from “0” to “1”, DC feed-
through current flows through the inverter 1a. When a
“0” holding state is prolonged, the FET 3b becomes
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non-conductive to permit the electric potential of the
node 2a to float easily from the ground potentia! of the
node 2a. As a result, the electric potential of the node 24
rises to the absolute value of the threshold of the FET
3b, that is, [Vth| electric potential, there being the
possibility that feed-through current flows through the
inverter 1ag until the FET 35 becomes conductive.
 Next, referring to FIG. 3, explanation will be given
on the operation of the time when, for example, the
logic circuit apparatus changes its state from a “0” hold-
ing state to a “‘1” holding state. Although the FET 14 is
on until the output inverter 1a changes from “0” to “1”,
the electric potential at the node 2a rises to a value
which is a little lower than the source potential since the
FET 3b is P-type. Therefore, compared with the exam-
ple shown in FIG. 1, the inverter 1a is more easily
driven. But the FETs 3¢ and 3b require two kinds of
control signals. Moreover, when this first switching
means is constructed as part of a group of switching
means, the larger the group, the more the number of
switching elements increases.

- The logic circuit apparatus shown in FIG. 4 has more
stability in operation than the ones respectively shown
in FIG. 1, FIG. 2 and FIG. 3. However, its use of two,
the FETs 3a and 3¢ two switching means FETs 34 and
3d as CMOS circuits, still requires two kinds of control
signals. In addition, when the first switching means
consists of a group of switching means, the larger the
number thereof, the more the number of the switching
elements increases.

OBJECTS AND SUMMARY OF THE
INVENTION

The object of the invention is to provide a semicon-
ductor logic circuit apparatus which enables improving
the operational stability and operating speed compared
to the prior art.

It 1s the further object of the invention to provide a
semiconductor logic circuit apparatus which enables
reducing the consumption of current, while reducing
the numbers of elements and control signals.

The semiconductor logic circuit apparatus related to
the invention comprises means for supplying a first
source potential, means for supplying a second source
potential, first switching means which consists of a
certain conductive type field effect transistors, for
charging holding data, means for supplying a control
signal to the first switching means, an inverter circuit
having input connected with one end of the first switch-
ing means, feedback circuit disposed between the means
for supplying the first and second source potentials and
having the input and output respectively connected
with the output and input of the inverter circuit, means
for supplying data input to the other end of the first
switching means, means for taking a data output from
the output of the inverter circuit, and second switching
means disposed between the output of the feedback
circuit and the means for supplying the first or the sec-
ond source potential according to the conductive type
of the field effect transistors, for switching enable/disa-
ble of the feedback circuit. These first and second
switching means are opened/closed in reverse phase
with each other.

According to another aspect of the invention, the
semiconductor logic circuit apparatus comprises means
for supplying a first source potential, means for supply-
Ing a second source potential, a group of first switching
means consisting of a plurality of same conductive type



.

field effect transistors whose respective one ends are

commonly connected, for changing holding data,
means for supplying control signal to the group of first
switching means, an inverter circuit, whose input is
connected with commonly connected one ends of the
group of the first switching means, a feedback circuit,
disposed between the means for supplying the first and
second source potentials and having input and output
respectively connected with the output and input of the
inverter circuit, means for supplying data input to re-
spective other ends of the group of the first switching
‘means, means for taking data output from the output of
the inverter circuit, and a second switching means dis-
posed between the output of the feedback circuit and
the means for supplying the first and second source
potentials according to a certain conductive type of the
field effect transistors, for switching enable/disable of
~ the feedback circuit. The group of the first switching
means and the second switching means are so opened/-
closed that the group of the whole first switching means
may be in off-state when the second switching means is
In on-state, and only one switching means among the
group of the first switching means may be in on-state
and all the rest of them are in off-state.

When the semiconductor logic circuit apparatus
changes its state from a “0” holding state to a *“‘1”’ hold-
Ing state, data feedback from the feedback circuit is
prevented until the output of the inverter circuit
changes state by providing the second switching means,
thereby the inverter circuit can be easily driven. When
the inverter circuit is driven, the feedback circuit be-
comes effective by switching the second switching
means, which enables the input potential of the inverter
circuit to rise to the source potential.

The above and further objects and features of the
invention will more fully be apparent from the follow-
ing detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a circuit diagram showing a first example of
a conventional semiconductor logic circuit apparatus,

FIG. 2 is a circuit diagram showing a second example
of a conventional semiconductor logic circuit appara-
tus,

FIG. 3 1s a circuit diagram showing a third example
of a conventional semiconductor logic circuit appara-
tus,

FIG. 4 is a circuit diagram showing a fourth example
of a conventional semiconductor logic circuit appara-
tus,

FIG. § 1s a circuit diagram showing a semiconductor
logic circuit apparatus according to a first embodiment
of the invention,

FIG. 6 1s a circuit diagram showing a semiconductor
logic circuit apparatus according to a second embodi-
ment of the invention,

FIG. 7 1s a circuit diagram showing a semiconductor
logic circuit apparatus according to a third embodiment
of the invention,

FIG. 8 1s a circuit diagram showing a semiconductor
logic circuit apparatus according to a fourth embodi-
ment of the invention,

F1G. 9 1s a circuit diagram showing a semiconductor
logic circuit apparatus of the invention in use as a sense
latch circuit of single-bit line, and

FIG. 10 is a circuit diagram showing a memory cell
of the semiconductor logic circuit apparatus.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, the present invention will be de-
scribed referring to drawings showing the embodiments
thereof.

F1G. 515 a circuit diagram showing a first example of
a semiconductor logic circuit apparatus to the inven-
tion. )

Referring to FIG. §, an input terminal of an inverter
circuit 1a, one end of an N-type field effect transistor
(hereinafter, to be called FET) 3a, one end of a P-type
FET 3b, and one end of a P-type FET 1c are connected
to a node 2a. An output terminal of the inverter 1a is
connected to a node 2b. The other end of FET 1c is
connected to a source potential. The other end of the
FET 3b is connected to one end of an FET 1d. The
other end of the FET 14 is connected to ground. The
other end of the N-type FET 3¢ is connected to a data
input terminal 5. A control signal is connected in com-
mon to the gates of the FETs 32 and 35 from a control
signal input terminal 6. The output of inverter 1a is
connected from the node 2b to the gates of the FETs 1¢

and 1d. The node 2b is connected to a data output termi-
nal 7.

The FETs 1c, 1d and 3b forms a feedback circuit
which receives its data input from the node 2b and its
control input from the control signal input terminal 6.

The feedback circuit feeds its output to the node 2a.
The FET 3b is a switching element (second switching
means) interposed between the node 2g and ground
potential in series with the FET 1d.

Referring to FIG. §, explanation will be given of the
operation when the logic circuit apparatus changes its
state from a “0” holding state to a ““1” holding state.

When the control signal “1” is applied to the FETs 3a
and 356 from the control signal input terminal 6, the FET
3a becomes conductive, FET 35 becomes non-conduc-
tive, and the data input terminal 5§ is connected electri-
cally with the node 2a4. The node 24 is disconnected
electrically from the output of the FET 1d by FET 3b.

Initially, the value held at the node 2a is “0”. When
the value of input data from the data input terminal 5 is
“1”, and the control signal “1” is applied to FET 3q, the
electric potential of the node 2a rises. Since the FET 34
is N-type, the electric potential of the node 2a can rise
to a value lower than the source potential by the thresh-
old voltage Vth of FET 3a until the logical threshold of
inverter 1a 1s reached. The rise of electric potential is
permitted because the off condition of FET 3b prevents
grounding of node 2g through FET 14. In addition,
since the rise in electric potential at node 2a is not pre-
vented, the rising speed of electric potential at the node
2a 1s 1improved.

And when electric potential at the node 2a exceeds
the logical threshold of the inverter 1a, the output of
inverter 1a turns on the FET 1c¢. The electric potential
at the node 2q rises further to the source potential,
thereby DC feed-through current is prevented from
flowing through the inverter 1a. |

When the control signal at control terminal 6 changes
from “1” to “0”, the FET 3a becomes non-conductive,
FET 3b becomes conductive, thereby the nodes 2a and
2b respectively hold the values existing immediately
before the change of the control signal. The data output
terminal 7 continues to output the value held at the node
2b until the FET 3a again becomes conductive.
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Next, an explanation will be given on the operation
when the logic circuit apparatus change its state from a
“1” holding state to a “0” holding state.

Initially, the value of the node 26 is “0”, the FET 1c

of the feedback circuit is on. Therefore, when a “1” is
applied to control input 6 and a “0” is applied in the data
input terminal 8§, the electric potential of the node 24
drops to a value which is determined by the ratio of the
on-resistance of the FET 3a to the on-resistance of the
FET 1c. Since the FET 3a is an N-type, the electric
potential can be reduced to a value close to OV where
the on-resistance of the FET 1c smaller, thereby the
inverter 1a surely can be driven. Accordingly, in the
feedback circuit shown in FIG. §, there is no necessity
to provide a switch element in series with FET 1¢ be-
tween the node 2a and the source potential.

In addition, in the above-mentioned embodiment, the
conductive type of transistors of the FETs 3a and 3b are
respectively N-type and P-type. However, the same
effect can be obtained by interposing the FET 3b in
series with the FET 1c between the source potential and
the node 2a after changing the conductive type of the

10

15

20

FET 3a to a P-type and that of the FET 3b to an N-type

as shown in FIG. 6. The control signal at control termi-
nal 6 1s inverted from the embodiment shown in FIG. 5.

In the embodiment shown in FIG. §, the conductive
type of transistors of the FETs 3a and 35 are respec-
tively N-type and P-type, however, the same effect can
be obtained by making the FET 3b N-type as shown in
FIG. 7 and by making the control signal the comple-
ment of the control signal for connection to the FET 3a
and FET 3b. |

Furthermore, in the embodiment shown in FIG. 6,
the conductive type of the FETs 3a and 3b are respec-
tively P-type and N-type, however, the same effect can
be achieved by making the conductive type of the FET
3b P-type and applying a control signal to FET 3b
which is complementary to the one applied to the FET
3a. |

Next, FIG. 9 shows a-circuit diagram applying the
semiconductor logic circuit apparatus of the invention
to a sense latch circuit of a signal-bit line.

In FIG. 9, a plurality of memory cells 8 are connected
to a word line 9 and single bit lines 10a through 104.
Data input terminals 5a through 5d are respectively
connected to single bit lines 10ag through 104. Ends of
FETSs 3a through 34 are commonly connected to a node
2a. The other ends of FETs 3a through 34 are respec-
tively connected to the data input terminals Sa through
3d. Outputs of a decoder 11 are connected to gates of
the FETs 3a through 34 as control signal. The decoder
11 outputs a group of control signals corresponding to

address input signals 12a through 12b. At that time, the

control signal connected to the FET 3¢ from the con-
trol signal input terminal 6 also serves a control signal
for the decoder 11. When the control signal is input, the
FET 3¢ become non-conductive. The decoder 11 out-
puts a single control signal which makes only one of
FETs 3a through 3d conductive. All of the remainder
of the FETs remain non-conductive. Thereby, data
from a single one of memory cells 8 is connected to the
node 2a as data input. When the control signal makes
the FET 3e conductive, the decoder 11 outputs a con-
trol signal which makes all of the FETs 3a through 34
non-conductive. As a result, the nodes 2¢ and 26 hold
their respective data.

In addition, FIG. 10 1s a circuit diagram showing a
FIFO circuit as an example of the memory cell 8, how-
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ever, a ROM, a multiport memory, or the like can be
used instead of the memory cell 8.

As this invention may be embodied in several forms
without departing from the spirit of essential character-
istics thereof, the present embodiment is therefore illus-
trative and not restrictive, since the scope of the inven-
tion is defined by the appended claims rather than by
the description preceding them, and all changes that fall
within the metes and bounds of the claims, or equiva-
lence of such metes and bounds thereof are therefore
intended to be embraced by the claims.

What is claimed 1s:

1. A semiconductor logic circuit apparatus for hold-
ing data, comprising:

first switching means, which includes a plurality of
conductive type field effect transistors whose one
ends are commonly connected, for changing said
holding data; .

an inverter circuit, receiving an input from com-
monly connected one ends of said first switching
means and producing an output;

a feedback circuit, disposed between a first potential
and a second potential;

an input node of said feedback circuit being con-
nected to an output node of said inverter circuit;

an output node of said feedback circuit being con-
nected to an input node of said inverter circuit;

means for supplying a data input to said first switch-
ing means; and

second switching means, coupled between an output
of said feedback circuit and one of said first poten-
tial and said second potential; and

said second switching means being responsive to a
second control signal such that said feedback cir-
cuit is enabled when all of said first switching
means are non-conductive in response to a first
control signal, and such that said feedback circuit is
disabled when any one of said first switching means
1s conductive.

2. A semiconductor logic circuit apparatus for hold-

ing data, comprising:

a plurality of input nodes each receiving an input
data;

a control signal generating means for generating a

- plurality of first control signals;

a plurality of first switching transistors each having a
first main electrode, a second main electrode, and a
control terminal;

said first main electrode being connected to a respec-
tive one of said input nodes;

said second main electrode being connected to a com-
mon node; and

said control electrode receiving the corresponding
first control signal;

an inverter circuit having an input node connected to
said common node, and an output node for output-
ting an output data;

a feedback circuit having a P-channel type transistor
and an N-channel type transistor;

said P-channel type transistor being connected be-
tween a supply potential node and said common
node;

said N-channel type transistor being connected be-
tween a ground potential node and said common
node; and

- control electrodes of said P-channel and N-channel
type transistors being connected to the output node
of said inverter circuit:
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a second switching transistor connected in series with
said P-channel and N-channel type transistors; and
said second SWitching transistor being responsive to a
second control signal such that said second switch-
ing transistor is conductive when all of said first
switching transistors are non-conductive and such
that said second switching transistor is non-con-
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ductive when one of said first switching transistor
1s conductive.

3. A semiconductor logic circuit apparatus according
to claim 2 comprising a control signal generating means
responsive to said second control signal for generating
sald first control signals such that all of said first switch-
ing transistors are non-conductive when said second

switching transistor is conductive.
| ¥ ¥ % % X%
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